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We obtained the complete sequence of a novel poxvirus,
tentatively named Brazilian porcupinepox virus, from a
wild porcupine (Coendou prehensilis) in Brazil that had
skin and internal lesions characteristic of poxvirus infec-
tion. The impact of this lethal poxvirus on the survival of
this species and its potential zoonotic importance remain
to be investigated.

oxviruses are among the best known and most

feared viruses (1); the Poxviridae family includes
several viruses of veterinary and medical relevance,
some of them zoonotic. Emergence and reemergence
of poxviruses is frequently observed (2-4). We report
a systemic and lethal poxvirus infection in a wild por-
cupine and further characterize the virus through ge-
nomic analysis.

The Study

In March 2019, a free-ranging adult male Brazilian por-
cupine (Coendou prehensilis) in good bodily condition
was captured near a park in the urban area of Uber-
landia in the state of Minas Gerais in southeastern Bra-
zil and was then referred for veterinary clinical care at
the Federal University of Uberlandia. The animal had
multifocal skin edema and erythema, especially on
the eyelid and muzzle (Figure 1, panel A), extremity
of limbs (Figure 1, panel B), and genital areas, and a
penetrating skin lesion on the lateral face of the right
limb near the elbow joint. We observed purulent nasal
and ocular secretion. After 4 days of supportive treat-
ment, the porcupine died and was subjected to a full
necropsy for histopathologic evaluation and to collect
samples for molecular investigation.
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On macroscopic examination, the spleen was
enlarged, lungs were turgid, and the liver was pale
and greyish. Standard histopathologic sections were
cut from formalin-fixed, paraffin-embedded skin and
organ samples and stained with hematoxylin and eo-
sin. Histologic examination of the skin revealed sev-
eral common alterations, irrespective of the location
of the sample (Figure 1, panels C and D). Epidermis
exhibited marked hyperplasia, parakeratotic hyper-
keratosis, and moderate acantholysis. Epidermal cells
were swollen, with foci of ballooning degeneration,
and the cytoplasm of scattered epithelial cells con-
tained round eosinophilic inclusions of varying size.
No intranuclear inclusions were found. We also ob-
served ulcerated epidermis with eosinophilic, amor-
phous keratinaceous crusts, necrosis, and numerous
degenerated granulocytes. Dermal lesions included
hemorrhage at the dermal-epidermal junction, se-
vere edema, necrotic areas, and mixed inflammatory
infiltrate that extended into the deep dermis. Venous
blood congestion was observed in the kidneys, liver,
spleen, and lungs. Hepatocytes evidenced moderate
degeneration, whereas emphysema and pneumonitis
were observed in the lungs.

We extracted total DNA from lesioned eye-
lid skin, spleen, and liver samples and subjected
to a pan-pox universal PCR assay (5). All samples
resulted in amplicons with low-GC content poxvi-
rus primers targeting a region of the putative me-
talloproteinase gene. The amplicon from lesioned
eyelid skin was submitted for Sanger sequencing
(GenBank accession no. MK944278), and total DNA
from this lesion was submitted to full-genome se-
quencing using the Illumina NextSeq platform (Illu-
mina, https://www.illumina.com). We performed
viral particle enrichment and next-generation se-
quencing (Appendix, https://wwwnc.cdc.gov/
EID/article/27/4/20-3818-Appl.pdf). A total of
71,507,840 pairs of 151-bp reads were obtained after
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Figure 1. Photographs and
histopathology of Brazilian :
porcupine (Coendou prehensilis)
with novel poxvirus tentatively
named Brazilian porcupinepox
virus, Brazil, 2019. A) Severely
swollen and erythematous skin
of the eyelids, nasal region,
and around oral cavity. B)
Severely swollen skin of the
forelimbs. C) Histopathologic
examination of skin. Marked
epidermal hyperplasia and
swollen epithelial cells with foci
of ballooning degeneration are
marked with the square, and
parakeratotic hyperkeratosis is
indicated by the line. Dermal
hemorrhage at the dermal—
epidermal junction is indicated
with the oval. Hematoxylin and
eosin stain. Scale bar indicates |
200 pm. D) Histopathologic
examination of skin. Cytoplasm
of several epithelial cells of

epidermis with round eosinophilic inclusions is indicated by arrows. Hematoxylin and eosin stain. Scale bar indicates 200 um.

raw data quality control using CLC Genomics Work-
bench 11 (QIAGEN, https://www.qiagen.com). The
resulting paired-end reads were de novo assembled
in CLC Genomics Workbench 11 (QIAGEN) with de-
fault parameters, resulting in a 144,504-nt genome
(GenBank accession no. MN692191) with average
coverage of 230.41x.

We annotated the genome (Appendix). Of 133
open reading frames (ORFs) found, only 2 (117 and
129) have no equivalents in other poxviruses, ORFs
situated in the middle region of the genome encode
proteins related to virion morphogenesis, the struc-
ture of virus particles, and viral DNA and RNA me-
tabolism. We also identified the minimum essential
chordopoxvirus genome, 49 genes conserved between
highly diverged poxviruses families, and 41 genes
conserved in chordopoxviruses (6). ORFs related to
host range, immunomodulation, and virulence were
observed in the extremities of the genome.

Alignments of 9 amino acid sequences corre-
sponding to 9 conserved genes located in the central
region were concatenated (7,956 aa) compiled from
this genome with homologous sequences from differ-
ent genera of chordopoxviruses with low GC content.
Thus, we constructed a phylogenetic tree by using
the maximume-likelihood method and Jones-Taylor-
Thornton model (7) in MEGA X software (8) with the
frequency matrix model (Figure 2). A nucleotide tree
with complete genomes was also constructed (Ap-
pendix Figure 1).
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Using the 9 concatenated sequences correspond-
ing to the conserved central region of MN692191
and other known chordopoxviruses, we obtained
nucleotide identities ranging from 69.9% to 85.2%
(Appendix Figure 2) and amino acid identities rang-
ing from 57.7% to 78.8% (Appendix Figure 3). The
highest identity was observed between MN692191
and Cotia virus (CoTV) in clusters in the phyloge-
netic trees. In the 1960s, CoTV was isolated in Bra-
zil from sentinel suckling mice (9); the natural host
remains unknown and CoTV remains unclassified
despite attempts to place it in a new genus of Pox-
viridae (10). According to the International Commit-
tee on Taxonomy of Viruses (11), isolates within a
species exhibit >98% nucleotide identity. CoTV and
MN692191 exhibit 85.2% of nucleotide identity and
thus are distinct species.

We estimated maximum-likelihood distances
for this region of conserved nucleotides; the dis-
tance between CoTV and MN692191 was 0.156.
MN692191 belongs to a main clade that includes
Capripoxvirus, Suipoxvirus, Leporipoxvirus, Cervid-
poxvirus, and Yatapoxvirus (clade CSLCY). Distanc-
es ranging from 0.177 to 0.210 were observed be-
tween MN692191 and species from different genera
of the CSLCY clade. In species from the same genus
of this clade, distance ranged from 0.006 to 0.052,
which suggests that MN692191 and CoTV (max-
imum-likelihood distance 0.156) do not belong to
the same genus.
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Figure 2. Phylogenetic tree constructed in genomic analysis of novel poxvirus Brazilian porcupinepox virus, Brazil, 2019 (boldface).
Tree constructed by using the maximume-likelihood method and Jones—Taylor—Thornton model (7) with frequency model for amino
acid sequence alignments of the RNA polymerase subunit RPO147, RNA polymerase subunit RPO132, RNA polymerase—associated
RAP94, mRNA capping enzyme large subunit, virion major core protein P4a, early transcription factor VETFL, nucleoside-
triphosphatase, DNA polymerase, and DNA topoisomerase | genes of selected strains representing different genera of chordopoxvirus
with low GC contents and their respective genera. The numbers next to each node represent the values of 1,000 bootstrap repetitions,
and only those >50% are shown. Evolutionary analyses were conducted in MEGA X (8). GenBank accession numbers are as follows:
Brazilian porcupinepox virus, MK944278.1; camelpox virus, AY009089.1; canarypox virus, NC005309.1; Cotia virus, KM595078.1;
cowpox virus, DQ437593.1; deerpox virus, AY689437.1; ectromelia virus, NC004105.1; fowlpox virus, NC002188.1; goatpox virus,
MH381810.1; lumpy skin disease virus, NC003027.1; monkeypox virus, DQ011157.1; myxoma virus, NC001132.2; rabbit fibroma virus,
NC001266.1; sheeppox virus, NC004002.1; swinepox virus, NC003389.1; taterapox virus, NC008291.1; vaccinia virus, M35027.1;
variola major virus, L22579.1; Yaba monkey tumor virus, NC005179.1; Yaba-like disease virus, NC002642.1. Scale bar represents

number of substitutions per site.

Conclusions

This comprehensive phylogenetic analysis supports
the classification of MN692191 into a new genus in
the family Poxviridae, subfamily Chordopoxvirinae.
Because the virus described in this study is distinct
from previously identified viruses, we propose the
tentative species name Brazilian porcupinepox virus
(BPoPV), according to recommendations for nomen-
clature of poxvirus species of the International Com-
mittee on Taxonomy of Viruses (11).

Wildlife veterinarians in Brazil have observed
free-ranging porcupines exhibiting clinical signs com-
patible with those described in this study (B.S.S. Pe-
tri, CRAS Parque Ecoldgico do Tieté- Sao Paulo, pers.
comm., 2019 Sep 16; LS. Barbosa, CETAS-Goiania,
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pers. comm., 2020 Jan 6) have been observed. In 2019,
of 13 of these porcupine specimens reported, only 3
had fully recovered from clinical symptoms, demon-
strating that this virus might be a common pathogen
for this species and could have consequences for its
conservation.

Brazilian porcupines have a greater distribution
in Brazil but are found in 10 other countries in Latin
America (12). This species is found mainly in forest
environments (12) and can be observed in forest frag-
ments in urban areas, as was the case for the specimen
in this study. Housing construction nearer to forested
areas has led to this porcupine sometimes being hunt-
ed for meat (13), which leads to human exposure to
the pathogens hosted by this species.
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The genus Orthopoxvirus includes the best-
known zoonotic poxvirus species, such as cowpox,
monkeypox, and vaccinia viruses (14); however, the
zoonotic poxvirus is not restricted to this genus. The
genera Parapoxvirus and Yatapoxvirus also include vi-
ral species of zoonotic importance (15). Furthermore,
chordopoxviruses are often described as emerging
zoonoses. Contact between Brazilian porcupines
and humans, because of anthropized forested areas
and the porcupines” broad geographic distribution
and presence in urban areas, raises concerns about
the zoonotic potential of BPoPV, which remains to
be investigated.

In summary, our description of this novel poxvi-
rus contributes to knowledge of viral diversity and
pathogenicity of poxviruses. Some chordopoxvi-
ruses are capable of infecting multiple animal spe-
cies, whereas others have a restricted host spectrum
(14,15). The infection capability of BPoPV is a crucial
aspect for further study.
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Appendix

Summary of Viral Enrichment to Next-Generation Sequencing

For viral particle enrichment before next-generation sequencing, the eyelid
lesion was cut into small pieces, added to 1mL of TE 1x (pH 8.0), and frozen and
thawed twice. The sample was clarified at 16,000xg/3min and filtrate at 0.45um syringe
filter. Nuclease treatment was performed in a final volume of 300uL with 50U of
Benzonase Nuclease (Sigma-Aldrich, https://www.sigmaaldrich.com), 20U of Turbo
DNase (ThermoFisher Scientific, https://www.thermofisher.com), 6U of RNase
Cocktail Enzyme Mix, and 1x Turbo DNase Buffer. Reaction was incubated at 37°C for
1h and DNA extraction was performed immediately by using DNeasy Blood and Tissue
kit (QIAGEN, https://www.giagen.com).

Summary of Genome Annotation

We annotated the genome by using a combination of 3 methods: Genome
Annotation Transfer Utility (GATU) (1), GeneMarkS-2 (2), and Vgas (3). The open
reading frames >50 aa with <25% overlap with neighboring genes were initially
selected. Two proteins were considered similar if BLAST search resulted an e-value
<107 and maximal scoring pair alignment in the BLASTp searches covered >40% of

the longer protein.
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Appendix Figure 1. Phylogenetic tree constructed in genomic analysis of novel poxvirus
Brazilian porcupinepox virus, Brazil, 2019. Tree constructed by using the Neighbor-Joining
method and Jukes-Cantor model for complete genomes of selected strains representing
different genera of chordopoxviruses with low GC contents. The numbers next to each node
represent the values of 1,000 bootstrap repetitions, and only those >50% are shown.
Evolutionary analyses were conducted in MAFFT (https://mafft.cbrc.jp). GenBank accession
numbers are as follows: Brazilian porcupinepox virus, MK944278.1; Camelpox virus,
AY009089.1; Canarypox virus, NC005309.1; Cotia virus, KM595078.1; Cowpox virus,
DQ437593.1; Deerpox virus, AY689437.1; Ectromelia virus, NC004105.1; Fowlpox virus,
NCO002188.1; Goatpox virus, MH381810.1; Lumpy skin disease virus, NC003027.1; Monkeypox
virus, DQ011157.1; Myxoma virus, NC001132.2; Rabbit fiboroma virus, NC001266.1; Sheeppox
virus, NC004002.1; Swinepox virus, NC003389.1; Taterapox virus, NC008291.1; Vaccinia virus,
M35027.1; Variola major virus, L22579.1; Yaba monkey tumor virus, NC005179.1; Yaba-like
disease virus, NC002642.1.
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Appendix Figure 2. Sequence identity matrix in genomic analysis of novel poxvirus Brazilian
porcupinepox virus, Brazil, 2019. Matrix shows nucleotides identity (%) of the RNA polymerase
subunit RPO147, RNA polymerase subunit RPO132, RNA polymerase-associated RAP94,
MRNA capping enzyme large subunit, virion major core protein P4a, early transcription factor
VETFL, nucleoside triphosphatase (NTPase), DNA polymerase, and DNA topoisomerase |
genes of selected strains representing different genera of chordopoxviruses with low GC
contents and their respective genera. In bold, the highest identity related to Brazilian
porcupinepox virus. GenBank accession numbers are as follows: Brazilian porcupinepox virus,
MK944278.1; Camelpox virus, AY009089.1; Canarypox virus, NC005309.1; Cotia virus,
KM595078.1; Cowpox virus, DQ437593.1; Deerpox virus, AY689437.1; Ectromelia virus,
NCO004105.1; Fowlpox virus, NC002188.1; Goatpox virus, MH381810.1; Lumpy skin disease
virus, NC003027.1; Monkeypox virus, DQ011157.1; Myxoma virus, NC001132.2; Rabbit fiboroma
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virus, NC008291.1; Vaccinia virus, M35027.1; Variola major virus, L22579.1; Yaba monkey
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porcupinepox virus, Brazil, 2019. Matrix shows the amino acid identity (%) of the RNA
polymerase subunit RPO147, RNA polymerase subunit RPO132, RNA polymerase-associated
RAP94, mRNA capping enzyme large subunit, virion major core protein P4a, early transcription
factor VETFL, nucleoside triphosphatase (NTPase), DNA polymerase, and DNA topoisomerase
| genes of selected strains representing different genera of chordopoxviruses with low GC
contents and their respective genera. The highest identity related to Brazilian porcupinepox
virus is shown in boldface. GenBank accession number are as follows: Brazilian porcupinepox
virus, MK944278.1; Camelpox virus, AY009089.1; Canarypox virus, NC005309.1; Cotia virus,
KM595078.1; Cowpox virus, DQ437593.1; Deerpox virus, AY689437.1; Ectromelia virus,
NCO004105.1; Fowlpox virus, NC002188.1; Goatpox virus, MH381810.1; Lumpy skin disease
virus, NC003027.1; Monkeypox virus, DQ011157.1; Myxoma virus, NC001132.2; Rabbit fiboroma
virus, NC001266.1; Sheeppox virus, NC004002.1; Swinepox virus, NC003389.1; Taterapox
virus, NC008291.1; Vaccinia virus, M35027.1; Variola major virus, L22579.1; Yaba monkey
tumor virus, NC005179.1; Yaba-like disease virus, NC002642.1.
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